I. INTRODUCTION
The DSSDs (Double-sided Silicon Strip Detectors) for KEK B-factory [l] employs an integrated capacitor in order to get away from saturation for a preamplifier which should be isolated from the d.c. bias of the detector. The bias voltage of getting a full depletion in the detector is under 1OOV. The capacitor is also stressed in a part or all of the bias voltage . The integrated capacitor should meet with following requirements:
The breakdown voltage should be high enough, and the statistical deviation from nominal breakdown voltage should be small.
A time dependent dielectric breakdown (TDDB) property should be long enough for using a long time operation of silicon strip detectors.
A leakage current through insulator should be small enough.
In order to get large charge collection efficiency, the capacitance is larger enough than the inter-strip capacitance or the pn-junction capacitance.
In order to satisfy these conditions, an ONO insulator film [2] is chosen for an integrated capacitor. Since the dielectric constant of SisN4 7. 4 is larger than Si02 3.9, the capacitance of Si3N4 is larger than SiO2. The leakage current in Si3N4, however, is larger than SiO2. In order to include advantages in each other, we stacked insulators together. An ONO insulator is expected to have superior properties; high breakdown voltage, long term reliability, large unit capacitance and radiation hardness. [5] . Since charges are trapped on the interface of materials, the applied electric field in Si02 is smaller than Si3N4. The breakdown voltage in Si3N4 is larger than SiOz. Therefor ONO has a larger breakdown voltage than SiO2. NO and ON insulators [SI are generally considered to be not so good, since they has many weak spots in Si3N4. A stacked insulator using different materials compensates for weak spots each other. This technique have been studied only for thin ONO films which are used VLSI DRAM and EEPROM so far but have not been studied for thick ONO fiIm (200dj -2000dj). Since traps on the interface between Si02 and Si3N4 work as a recombination center for the radiation originated carriers, the structure of stacked layers of Si02 and Si3N4 has a good chance to get properties of radiation hardness, however, the radiation hardness properties are out of scope of this paper.
In this paper capacitance, current and electric breakdown in insulators are studied for single layer SiOz, single layer Si3N4, NO, ON and ONO stacked insulators.
FABRICATION O F TEST ELEMENTS
The silicon substrates were of 5 -7R . cm n-type silicon, 525pm thick, (100) oriented and polished to a mirror finish. The Si02 on a substrate and the Si02 on the Si3N4 are called the bottom Si02 and the top SiOz, respectively. Figure 1 shows a structure of a capacitor using ONO insulator, which stacks three layers of dielectric material, top Si02, Si3N4 and bottom SiO2.
n-type silicon Figure 1 : Structure of capacitor using ONO insulator.
The typical thicknesses of insulators was measured by process technicians with an ellipsometer. Two kinds of thickness of the bottom Si02 were made by thermally grown process from silicon substrate. The thickness of the bottom Si02, which was thermally grown at 1000°C in dry Oz(in wet 0 2 ) , was 439A (1629A). Two types of the top Si02 were also made by different methods. One was the thermal Si02, which was thermally grown at 1000°C in wet 0 2 , onto Si3N4. This condition was effectively equivalent to make a Si02 range of 4359A thickness onto silicon substrate. The thickness of the thermal Si02 weren't measured with ellipsometer. We could estimate it just was extremely thinner than 20A, since no difference of capacitance were observed between an ONO capacitor which was covered with top Si02 of the thermal Si02 and an ON capacitor which wasn't covered with top SiOz. Another one was the HTO (High Temperature Oxide),which was deposited by the process of reaction of a Dichlorosilan (SiH2C12) with gas flow rate 5Osccm* and a Nitrous oxide (N20) with 500sccm at temperature of 850°C, and a pressure of 60Pa. The thickness of HTO for the top Si02 was lOOA. A single layer thick HTO was also deposited, whose thickness was 1lOOA. The thickness of the Si3N4 insulators were 390A and 1641A by the process of reaction of Dichlorosilan with gas flow rate 70sccm and Ammonia (NH3) with 700sccm at temperature of 74OOC 
Thermal means to be covered with the top Si02 of the thermal grown Si02 from Si3N4. HTO is covered with the top Si02 of the HTO.
one sample of a single layer HTO, three samples of a single layer Si3N4, one sample of ON stacked insulator, one sample of NO(Therma1) stacked insulator, two samples of ONO stacked insulator were made. After the insulators was made on the substrate, the n-type polysilicon for gate electrodes was deposited on the insulator and the backside of a substrate. They were formed by standard photoresist techniques. Circular dots of 125pm, 250pm, 500pm and 1004pm radius were used as electrodes.
EXPERIMENTS A N D RESULTS
All measurements were made at room temperature. Figure 2 shows a schematic diagram of the setup for electrical measurements.
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Figure 2: Experimental setup. DUT stands for Device Under Test.
A. Capacitance
Capacitance measurement was made by HP4194A Impedance/Gain-Phase Analyzer. The measurement frequency was lOkHr and the amplitude for the a.c. fre-quency was 500mV. We used the average capacitance which was measured in four area size capacitor, and the minimum-maximum difference of measured value was 4nF/cm2. Figure 3 shows unit capacitance of SiOzl Si3N4 and ONO(Therma1) capacitor. The solid line, the dotted line and the dashed line are estimated unit capacitance of Si02, Si3N4 and ONO(Thermal), respectively. The dielectric constant for Si02 and Si3N4 were assumed to be 3.9 and 7.4 for the geometry of the test samples, respectively. The measured capacitance was consistent with the capacitance of which was estimated from thickness of ellipsometer. The unit capacitance of the ONO(Therma1) was approximately 1.7 times larger than the capacitance of a single layer Si02.
B. Current Transport
We applied bias voltages and measured current with Keithley Model 237 high voltage source measure unit. Positive voltage was applied from a polysilicon gate electrode on the virginal insulators. We applied the voltage in stepwise at a constant rate of lV/sec/step. The average electric field was derived from the applied voltage divided by the total geometrical thickness of the insulators. Figure 4 shows a typical current density V.S. average electric field for SiO2, Si3N4 and ONO(Therma1). Sweeping by this method, the traps in the insulators don't fill up and we can neglect the effect of TDDB. The current density in Si02 was smaller than Si3N4. The current density in ONO located in between the two. The current Applied voltages were swept at step approximately 0.5MVlcm. Since we filled up the traps in the insulators, the test capacitor was stressed each voltage until a variation of measured current become under 0.1%. Actually this situation was similar to using the detector. Figure 5 shows a measurement result of Si02, Si3N4 , ONO(Therma1) and ONO(HT0). The applied voltage on an insulator using the readout capacitor for SSD can be estimated under 1OOV. 5MV/cm of average electric field mean that the voltage is applied to lOOV on insulator in 2000a. When the applied average electric field was 5MV/cml the interpolation of the current density of Si02, Si3N4, ONO(Therma1) and ONO(HT0) was < 1 x 10-'OA/cm2, 1.3 x 10-*A/cm2, 2.6 x 10-'A/cm2 and 4.9 x 10-10A/cm2, respectively. The current density in SisNdat 5MV/cm was the largest among samples. The area of a readout capacitance on a SSD is typically 3.25 x 10-3cm2/strip. In order to get low noise level, the leakage current in insulator is demanded to be under 1nAlstrip. The current density in Si3N4 is slightly smaller than 3 x 10-'A/cm2 which equal to be' lnA/strip for a readout capacitor on a SSD. 
C . Electric Breakdown
We applied the voltage in step-wise at a constant rate of lV/sec/step and sampled over 20points of the average electric field . Figure 6 shows the scatter plot of electric breakdown for SiOz, Si3N4, ONO(Therma1) and HTO. An effective unit capacitance was to normalize a unit capacitance with the thickness of a insulator in 2000A. The Si3N4 showed the highest average electric field for breakdown of all. The average electric field of electric breakdown in ONO was higher than the average electric field in S i 0 2 and the statistical deviation of nominal breakdown voltage in ONO was smaller than that in SiO2. The statistical deviation of nominal electric breakdown in Si02 was larger than one in ONO, since the deviation of thickness like weak spots was amplified to be a thicker insulator. The top Si02 process in ONO(Therma1) compensate the defect in Si3N4. The electric breakdown in HTO was smaller than one in thermal grown SiOz, since the HTO was coarser than the thermal grown SiOz. Figure 7 shows the scatter plot of electric breakdown for ONO(Thermal), ONO(HTO), ON and NO(Therma1). ONO(Therma1) had the smaller deviation of the average electric field of electric breakdown than ONO(HT0). The HTO had smaller average electric field of electric breakdown than thermal grown SiO2, as Figure 6 . The deviation of electric breakdown in NO wm the largest of all. 
IV. SUMMARY
This article provided about the first data the thick ONO stacked insulators, which were compared to other insulators, such as SiO2, Si3N4, HTO, ON and NO. We evaluated the ONO insulator in terms of capacitance, leakage current and breakdown properties. The ONO(therma1) insulator had 1.7 times larger capacitance than Si02. Its leakage current was 2.6 x 10-9A/cm2 at 5 M V / c m and approximately a tenth smaller than Si3N4. The amount of leakage current in ONO insulators was small enough for using the detector. The electric field of breakdown in ONO insulators was higher than the single layer Si02. The statistical deviation from the electric breakdown in ONO insulators was smaller than the single layer SiO2. SisN4 and ON insulator had also large unit capacitance, and small leakage current using the detector, high electric field of breakdown, and small statistical deviation from nominal breakdown. These candidates for insulators, therefor, remained for using the readout capacitor for the detector.
Since additional processes, which were thermal process and handling, must be needed to make the ONO insulator, the possibility of degrading the pn-junction properties was increase. The pn-junction properties, therefore, will be tested. TDDB property will be tested, since we will use the detector for a long time. Radiation hardness will be tested, since the detectors will be used under the radiation environment.
